Estimates of urban wet-weather flow pollutant loads are required to assess their impact on receiving waters and optimize wastewater treatment plant (WWTP) and combined sewer overflow (CSO) operations. In particular, a quantitative characterization of flow quality by means of fairly accurate monitoring is required for developing a rational planning approach and preferential treatment strategies. The main aim of this paper is to examine the qualitative-quantitative characteristics of wet-weather flow in an urbanized test catchment in Cosenza, Italy, and to compare three studied water quality constituent concentrations (total suspended solids (TSS), total chemical oxygen demand (COD t ) and filtered chemical oxygen demand (COD f )) obtained by laboratory analyses to those measured by a UV/Vis spectrometer ('spectrolyzer scan'), which represents a most modern and efficient spectrometric instrument requiring little maintenance.
INTRODUCTION
Combined sewer overflows (CSOs) represent a significant source of pollution in urban areas served by combined sewers. When rain intensity exceeds some critical threshold, such sewers are designed to protect downstream parts of the system and the wastewater treatment plant (WWTP) against inevitable flooding by releasing excess flows at overflow points or bypasses, and thereby the combined sewer system discharges an untreated mixture of stormwater, sanitary sewage and sludge scoured from the sewer bottom into the receiving waters.
Water quality is becoming an ever more important issue, as CSOs of low quality cause many significant environmental problems. In general both types of urban drainage flows, stormwater and CSOs, are recognized to contribute loads of total suspended solids (TSS), oxygendemanding substances, nutrients, metals or organic compounds, and the more recently identified endocrinedisrupting compounds that can also cause toxic effects, either in acute or chronic form (Lin et al. ) . Further, the discharge of CSOs into the receiving waters, and the resulting degradation of receiving water quality, can also be harmful from an economic perspective. For these reasons, there is growing pressure to improve CSO treatment and CSO quality management, and the planning of such actions requires accurate monitoring. One of the instruments for on-line monitoring is a UV spectrometer, which detects the loss of UV light in wastewater, and while the presence of individual substances can be characterized by a particular absorbance spectrum, the overall spectrum of a sample represents the sum of all single substance absorption spectra at any measured wavelength (Langergraber et al. a) . The linear relation between absorption and concentration of a single determinant is given by Lambert-Beer's law (Otto ) .
Generally, the operation of photometers is based on the assumption that there is a particular measurement wavelength being influenced by the sample matrix, while another compensation wavelength is not influenced.
Obviously, these assumptions are only justified if the sample matrix is the same at all measurement locations and if it does not change in time.
Many wastewater components absorb UV light and, consequently, the measurement of UV absorbance was introduced into wastewater management to assess the quality of wastewater effluents (Dobbs et al. ) . Furthermore, high correlation between UV absorbance and organic matter was reported for wastewater (Matschè & Stumwoehrer ) . Major influence on in situ absorption measurements is exerted by wastewater turbidity, because suspended substances cause light scattering over the entire spectrum.
Therefore, high concentrations and dynamics of the particulate fraction (TSS) in a wastewater stream result in a significant influence on the measured absorbance values.
Apart from changes in the concentration of suspended solids, the absorbance is also affected by high variation of the mean particle diameter, recognizing that the spectral shape for solids suspended in water depends on the light wavelength by a factor λ x , where x depends on the particle diameter (Huber & Frost ) . In addition, the option of using it in an on-line mode makes it a potentially helpful tool in managing water treatment operation and drainage system performance through automated control. On-line monitoring of water quality changes, especially in remote locations, is difficult using existing techniques.
The UV/Vis spectrometer is a useful tool that can be used on-line, for example at a critical control point prior to a treatment process to provide early warning of process upset.
In this paper, the feasibility of using a UV/Vis spectrometer to monitor the quality of CSOs in situ and providing such information in real time was studied for an urban test catchment served by combined sewers.
STUDY AREA AND METHODS

Study area
Investigations of CSOs were conducted in the Liguori
Channel ( 
Data collection system
The LC catchment was instrumented in the 1990s when a monitoring station equipped with a rain gauge and an ultrasonic sensor measuring flow depths in the outfall sewer was installed. The observed depths are used to calculate the corresponding steady flow discharges. The output from the rain gauge and the depth sensor is recorded by a datalogger recording information every minute. During the past 8 years, the monitoring was expanded by collecting sewer flow samples during both dry and wet weather (Piro et al. b, b) . 
Water quality constituents studied
The selection of constituents to be studied was governed by environmental concerns about CSOs, which are mainly driven by discharges of solids (and associated contami- 
RESULTS AND DISCUSSION
Absorbance spectra can be used to obtain more information by collecting sample fingerprints for the whole UV/Vis range. Recognizing that absorbance spectra measure somewhat different properties of samples than conventional analyses, it is required to compare both sets of data and seek a statistically defined relationship between them.
In practical terms, this is done by 'calibrating' the spectrometric procedure on standard mixtures, which are Comparison of the two regression lines in Figure 2 shows that in a heterogeneous sample the light is absorbed by other substances (than just TSS), e.g. dissolved solids, and for this reason the value of absorbance is greater than that obtained for a standard solution, in which only suspended solids are present and form a homogenous composition.
Absorbance and concentration relationships
The Pearson correlation coefficient (R 2 ) was calculated for relationships between absorbance and concentrations of each tested parameter (TSS, COD t and COD f ), as a function of wavelength (λ) with the goal of identifying λs providing For each water quality parameter, regression functions corresponding to the wavelength giving the best results and, hence, the highest R 2 , were plotted in Figure 3 .
From the regression functions for individual constituents, it is possible to perform a site-specific calibration. In particular, the absorbance values measured by the spectrometric instrument were adjusted using the above empirical relationships, in order to obtain the corrected concentration values for individual parameters.
Hence, by comparing the values obtained from the regression functions to those measured in laboratory analyses, for three different actual sampled events, it was possible to compute the relative mean errors in observed concentrations.
In Figure 4 , the statistical values of errors are presented as box plots for TSS, COD t and COD f concentrations as a summary for the entire set of three sampled events, whereas in Figure 5 , such information is presented for individual sampled events. The boundary of the box closest to zero indicates the 25th percentile, the solid line within the box marks the median, the short dashed line within the box marks the mean and the boundary of the box furthest from In the conditions studied, the UV/Vis spectrometer proved to be a promising instrument for quantifying waste- Finally, it is recommended to carry out further studies examining the behavior of the spectrometer during different times and conditions of the water matrix in CSO events.
